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the enzyme can function as a quinol peroxidase (Vmax = 75/s, KM=
6.6 mM), but not as a catalase as suggested in [2]. The membrane-
bound catalase activity separates from the cytochrome bd oxidase in
the ﬁrst chromatographic step. In the oxidase reaction the cytochrome
bd oxidase does not produce reactive oxygen species (ROS) because
the OO bond is split in a single four-electron reduction via a Com-
pound I intermediate [3]. In the peroxidase reaction, H2O2 is reduced
to water in a rapid single two-electron reaction in which heme d2+ is
oxidized to d4+O2− (Compound II). This reaction occurs both in one-
electron reduced enzyme and in two- or three-electron reduced
enzyme, where it is followed by rapid internal electron transfer
yielding d3+. Together with the cellular concentration of cytochrome
bd oxidase (5–10 μM) and its activity under physiological conditions
(~1/s), the rapid initial formation of Compound II provides the bio-
chemical basis for the enzyme to act as an efﬁcient scavenger of H2O2,
which is produced at a rate of 15 μM/s in Escherichia coli [4].
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Cytochrome bd is a tri-heme (b558, b595, d) terminal oxidase [1, 2]
that couples the electron transfer from quinol to O2 with generation of
a proton-motive force [3–5]. We studied photolysis and subsequent
recombination of CO with cytochrome bd-I from Escherichia coli in
one-electron reduced (MV) and fully reduced (R) states by time-
resolved absorption spectroscopy at 532-nm excitation. Probing the
Soret and visible band regions, it is found that CO photodissociation
from MV enzyme causes fast (within 1.5 μs) electron transfer from
heme d to heme b595, which is not reported earlier. Unlike cyto-
chrome bd in the R state, in MV enzyme the apparent contribution of
absorbance changes associated with CO dissociation from heme d is
small, if any. Photodissociation of CO from heme d in MV enzyme is
suggested to be accompanied by the immediate binding of an internal
ligandat the opposite side of the heme. Through the following transition,
CO recombines with heme d yielding a transient hexacoordinate state.
Then the ligand slowly dissociates from heme d [6]. This work was
supported in part by the Russian Foundation for Basic Research, grants
12-04-01000-a (to SAS) and 14-04-00153-a (to VBB).
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In aerobic respiration of prokaryotic and eukaryotic organisms,
the reduction of molecular oxygen to water is catalyzed by terminal
oxidases, cytochrome c or quinol oxidases, which are integral mem-
brane multi-subunit enzymatic complexes. Two types of terminal
oxidases are known, the heme–copper oxidases and the cytochrome
bd-type oxidases. The heme–copper oxidases are classiﬁed into
three families: type A (mitochondrial like oxidases), type B (ba3-type
oxidases) and type C (cbb3-type oxidases). The subunit composition of
types A and B enzymes differs from one oxidase to another but these
heme–copper oxidases always contain the catalytic subunit (subunit
I) and a smaller subunit named subunit II.
Shewanella oneidensis MR-1, a gram-negative proteobacterium,
inhabits a wide variety of niches in nature and has the character-
istic ability to reduce, in addition to O2, a broad spectrum of electron
acceptors such as metals, nitrate, thiosulfate, dimethyl sulfoxide,
trimethylamine N-oxide, fumarate and azo dyes.
The genome of S. oneidensis MR-1 encodes for three terminal
oxidases: a bd-type quinol oxidase and two heme–copper oxidases, a
A-type cytochrome c oxidase (genes SO4606–SO4609) and a cbb3-
type oxidase (genes SO2361–SO2364).
In this study [1], we used a biochemical approach and directly
measured oxidase activities coupled to mass-spectrometry analysis to
Abstractse96
investigate the physiological role of the three terminal oxidases under
aerobic andmicroaerobic conditions. Our data revealed that the cbb3-type
oxidase is the major terminal oxidase under aerobic conditions while
both cbb3-type and bd-type oxidases are involved in respiration at low-O2
tensions. On the contrary, the low O2-afﬁnity A-type cytochrome c oxi-
dasewas not detected in our experimental conditions even under aerobic
conditions and would therefore not be required for aerobic respiration in
S oneidensisMR-1. In addition, the deduced amino acid sequence suggests
that the A-type cytochrome c oxidase is a ccaa3-type oxidase since an
uncommon extra-C terminal domain contains two c-type heme-binding
motifs, an uncommon feature among A-type oxidases.
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Oxygen and derived reactive species pose a huge challenge to
present day living forms, and specialized enzymes exist to deal with
their toxicity. Among those, are the large family of diiron-containing
enzymes, such as the so-called alternative oxidase, a quinol:oxygen
oxidoreductase [1], and the rubrerythrin sub-family, putative hydro-
gen peroxide reductases [2–3]. Both rubrerythrins and AOX share a
common four-helix-bundle structural fold, harboring a catalytic diiron-
site bound to histidines and aspartates/glutamates and a μ-(hydr)oxo
bridge in thediferric state. Rubrerythrinsmay contain additional domains
(one or two), namely possessing simple mononuclear rubredoxin-type
[FeCys4] centers, located either before or after the four-helix bundle
(e.g. [3]).
The most consensual activity for rubrerythrins is that of H2O2
reductase, linked to NADH oxidation by redox partner enzymes.
Rubrerythrin-like enzymes are present in the three life domains.
Biochemical and enzymatic, spectroscopic, and structural studies on
several rubrerythrins, of the simplest one-domain enzyme (from the
hyperthermoacidophilic Archaeon Acidianus ambivalens erythrin), of
a canonical Clostridium difﬁcile (a bacterial human pathogen) two-
domain rubrerythrin, and the more complex three-domain Campylo-
bacter jejuni (also a human bacterial pathogen), desulforubreythrin,
will be described. A detailed comparison of the 3D structures of AOX
and rubrerythrins will be presented, which reinforce our previous
hypothesis [4] that rubrerythrins may have been primitive ancestors
of diiron-containing oxygen reductases.
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The nuclear-encoded subunit 5 of Saccharomyces cerevisiae cyto-
chrome c oxidase (CcO) has two isoforms, 5A and 5B. Their expression
is differentially modulated by oxygen concentration. COX5A is
expressed under aerobic conditions while COX5B is expressed only at
oxygen tensions below 1 μM. Since subunit 5 is essential for enzyme
assembly, under aerobic growth conditions a COX5A-deleted strain
contains no or very low level of CcO and so is respiratory deﬁcient [1].
Previously, respiratory growth was restored by combining mutations
of ROX1 that encodes a transcriptional repressor of COX5B expression
with Δcox5A [1]. The level of 5B isozyme expression in these mutants
was 30–50% of wildtype (5A isozyme) and its maximum turnover
number was up to 3 fold greater than that of the 5A isozyme [2]. To
assess the structural basis of this elevated activity, a mutant strainwas
constructed in which COX5B was inserted downstream of the COX5A
promoter. This allowed the 5B isozyme to be expressed to wildtype
levels without the complications of additional mutation in a transcrip-
tion factor.When expressed in thismanner, the isozymes displayed no
signiﬁcant differences in their maximum catalytic activities or in their
afﬁnities for cytochrome c or oxygen. Hence, the elevated activity of
the 5B isozyme in the rox1mutant is not caused simply by exchange of
isoforms and must arise from a secondary effect that is still to be
resolved.
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Cytochrome c oxidase (COX) is a terminal enzyme of the respiratory
chain which catalyzes electron transport (ET) from cytochrome c to O2
coupled to transmembrane H+-pumping. The ET is mediated by two
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